Recommended Practice Guidelines
• Burn survivors' strength and cardiovascular endurance should be evaluated in individuals 7 years of age and older. Those who test below normal levels should be prescribed a supervised resistance and/or aerobic exercise program.
• Exercise programs may begin as early as immediately postdischarge from acute care and as late as 14 years after burn.
• Exercise programs should last 6 to 12 weeks for adults and up to 12 weeks for children. Studies have not extended beyond 12 weeks therefore it is not known whether longer exercise programs would be more beneficial.
OVERVIEW

Purpose
The purpose of this review was to formulate guidelines for practice, based on the strength of the published evidence evaluating the benefit of exercise programs designed to increase the cardiovascular fitness or muscular strength of adult and/or pediatric burn survivors.
Users
These guidelines are designed to aid burn care team members (exercise physiologists, kinesiologists, occupational therapists [OT] , physicians, physiotherapists [PT], etc.), who are responsible for the prescription of exercise programs as a component of burn survivor rehabilitation programs. In addition, the recommended guidelines can be implemented by health professionals who do not routinely treat burn patients at their facilities, such as community-based fitness centers, schools, rural facilities, etc.
Clinical Problem
Improvements in acute care and surgical management of burn survivors have resulted in increased survival rates. [2] [3] [4] [5] As more individuals recover from major burn injuries there has been an increased focus on rehabilitation to ensure that optimal function and quality of life is achieved. 6, 7 The need and potential value of cardiovascular endurance and strengthening exercise programs for burn survivors is particularly pertinent after prolonged periods of immobilization during acute care and the characteristic physiological responses to burn injury, such as marked hypermetabolism and skeletal muscle catabolism. [8] [9] [10] [11] When comparisons have been made between nonburned children relative to pediatric burn survivors, it has been shown that their aerobic capacity, LBM, 12 strength, [12] [13] [14] quadriceps size, gait parameters, 14 pulmonary function, and treadmill times 15, 16 are significantly reduced in pediatric burn survivors. Comparisons of nonburned adults with adult burn survivors have additionally shown that aerobic capacity, 17, 18 ambulation speed, 19 physical activity participation, 17 pulmonary function, 17, 20 and strength 19, 21, 22 are significantly reduced and oxygen consumption elevated 22 in adult burn survivors. Currently, the resources required, such as testing and training equipment and rehabilitation personnel, to offer rehabilitation programs that continue for weeks or months after discharge from acute care are lacking at most burn centers. Thus, the objective of this review was to systematically evaluate the available evidence examining the effectiveness of exercise programs to increase cardiovascular fitness or muscular strength in adult and/or pediatric burn survivors so that practice guidelines can be developed that specifically describe the required rehabilitation interventions and resources.
PROCESS
The steps taken to develop the practice guidelines reported here are those outlined by Bowker et al. 23 These steps included setting up a guideline development group, forging links with stakeholder groups, agreeing on the scope of the guidelines, formulating a clinically relevant PICO (population, intervention, condition, outcome) question, searching the literature for evidence, systematically appraising the evidence found, and making recommendations. The guideline development group consisted of an international assembly of OTs, physicians, and PTs who were members of the American Burn Association Rehabilitation Committee, and clinicians recruited from the American Burn Association. This group met at the American Burn Association meeting in March 2014 for a practice guidelines development workshop where the steps associated with the development of practice guidelines were reviewed and several practice sessions, focused on critiquing the evidence, were performed until participants were comfortable with the critique form and process. The scope of the guideline is limited to the PICO question: "Does exercise increase the cardiovascular fitness and/or muscular strength of adult and/or pediatric burn survivors?"
Search Strategy
The literature search was designed to identify studies that focused on patients, either adults or children, who had sustained a burn injury and undergone a treatment involving exercise. All outcome measures that evaluated strength and cardiovascular endurance were considered. A broad literature search was conducted in the following bibliographic databases: MEDLINE, the Cumulative Index of Nursing & Allied Health Literature (CINAHL), EMBASE, Allied and Complementary Medicine (AMED), ProQuest Dissertations and Theses, Web of Science, OTseeker and PEDro, from the dates of inception until November 2014. Search results were limited to records available in either English or French. The search strategy was designed and conducted by a medical librarian (LAK) as described in Appendix. The search strategy was later validated by the librarian; all 20 citations included in the practice guidelines were indexed in the Medline database and retrieved by the search. The combined total of results retrieved from the databases was 3090; 815 duplicates were removed, yielding 2275 records for eligibility screening. Two additional publications were retrieved by scanning reference lists in the articles reviewed, bringing the total number of unique citations and abstracts that were screened to 2277.
Selection for Inclusion
Since studies focusing on this clinical question were expected to be sparse, all study designs that provided original data on burn survivors were selected. The title and abstract of each article were assessed by two individuals for inclusion. Only full-length, primary articles were selected for review, with review articles being excluded to allow the critical appraisal of original publications; however, the reference list of review articles were scanned as described above. Ultimately, 25 articles were deemed appropriate for the full review process. Figure 1 maps out the records that were identified and depicts the flow through the phases of identification, screening for exclusion and inclusion in full-review as recommended by the PRISMA Statement. 24 
Data Extraction and Analysis
All studies were systematically critiqued and scored by at least two independent reviewers, drawing on the critical appraisal form designed by Law et al. 25 Fourteen items comprised in the scoring of this form relate to study purpose, literature review, study sample, outcomes, interventions, results, conclusions, and clinical implications. The two to three reviewers independently extracted details required to complete the critical appraisal form. Each item was rated numerically as (1) for Yes and (0) for No or Not Applicable. A total score was then calculated and compared with the other reviewers' results. If there were minor differences (±2 points), the discrepancies were discussed until a consensus was reached. When larger differences occurred, an additional reviewer was called upon to critique the article and consensus was achieved among all reviewers. After this process, five articles were removed 22, [26] [27] [28] [29] because the authors' clinical question was not addressed. Table 1 summarizes the critique results for the 20 retained citations. Citations are categorized based on the population of patients included: (1) pediatric burn survivors only (denoted by single asterisk) and (2) adult burn survivors. As shown on the last column of this table, 2/20 citations (10%) received a score of <5 out of a possible total score of 14 but were included for completeness sake. Of the remaining citations 18 (90%) received a score ≥10 therefore are considered high quality studies. Table 2 summarizes the study characteristics, results, and level of evidence for each of the 20 citations. Fourteen were RCTs, 12, 14, 16, 19, 31, 32, [34] [35] [36] 38, [41] [42] [43] [44] one was a follow-up study, 39 four were case-control studies, 20, 30, 33, 37 and one a historically controlled study. 40 The sample sizes of all studies ranged from 16 to 222. Those including only pediatric participants ranged from 20 to 222 while those with only adult participants ranged from 16 to 40. Sample size of the RCTs ranged from 21 to 222 for those that included only pediatric participants and 31 to 40 for those that included only adult participants. The level of evidence was assigned according to the updated Oxford Centre for Evidence-based Medicine Levels of Evidence. 1 
SCIENTIFIC FOUNDATION
Study Characteristics
Pediatric Burn Survivor Studies
Eleven of the 20 publications included in this review specifically addressed exercise prescription 26, 29 were excluded from full review and incorporation into the final recommendation as they did not respond directly to the PICO question but did nonetheless demonstrate benefits from exercise for the outcomes that they examined. No adverse events were reported in any of these studies.
Adult Burn Survivors
There were several case series published in 1988 and 1990 that reported on the benefits of exercises or exercise programs specifically prescribed for burn survivors 33, 40 but had many methodological limitations that were identified during the critique (Table 1 ). Since 2007, there have been seven additional reports that were rated between 11 and 14 of 14. Three were case-control studies, one was a follow-up study and three were RCTs. The prescribed resistance and/or aerobic exercise program had positive benefits, that are outlined in detail in Table 2 , for a number of outcome measures including function, 20, 39 gait measures, 19, 39 LBM, 37 quality of life, 39 strength, 19, 30, 36, 37, 39 total work volume, 19 and VO 2max or peak . 20, 39 One case-control study, which was published in two different manuscripts with two different sets of outcomes reported in each, 20, 37 reported an improvement with exercise but the improvement in the burn survivor group did not significantly differ from the improvement reported in their healthy controls. This group also reported on the impact of the exercise program on the participants' self-reported quality of life 28 but this article was excluded from full review as it did not include any muscle strength or cardiovascular fitness measure, therefore did not respond to the PICO question.
Outcome Measures
The outcome measures that were used in these reports varied across studies. Those outcomes that reported on a study using the exercise program described in Figure 2 plus SOC compared with SOC only. The authors confirmed previous findings that LBM and strength improved but contrary to their previous findings 32 they reported that REE did not significantly increase with time in either group and that there was no significant difference between groups. Unlike their previous publication they normalized the REE measures to the corresponding changes in LBM, which resulted in the differences in REE becoming negligible, thus, exercise training did not exacerbate postburn hypermetabolism. The patients served as their own controls by comparing an involved extremity to an uninvolved extremity. Those who received exercise training and SOC performed better when tested on an isokinetic dynamometer than the comparison joint. The authors report significant peak torque deficit in the nonisokinetic treatment group, although no statistical analyses were reported. In addition, details of the study population and intervention program were extremely limited. reported on 21 participants that were randomized to either an exercise group or a SOC group. The baseline age, percent burn, height, weight, and resting heart rate did not significantly differ between groups. The post-treatment evaluation revealed that weight, total volume of work, and the 6-minute walk test increased significantly in both groups.
The resting heart rate improved in the exercise group but not the SOC group. All five of the 3RM increased for the exercise group and three of the five for the SOC group. The group comparisons revealed significant differences between groups for hamstring 3RM, total volume of work and the 6-minute walk test. There were no adverse events or dropouts. deLateur et al ( published the first RCT involving adult burn survivors. Participants were randomly assigned to one of three groups: (1) "functional restoration" (SOC); (2) work-to-tolerance group (WTT); and (3) work-to-quota (WTQ). The WTT group performed aerobic exercise at their target heart rate for as long as tolerated to a maximum of 30 minutes. The WTQ group exercised to preset quotas that gradually increased the exercise intensity. The maximal oxygen consumption of the WTT and WTQ groups significantly increased more than the SOC group. There was, however, no difference between the two exercise groups. The one pediatric study not conducted by the Galveston group was a RCT in 2014, by Ebid et al. 14 Children with lower extremity burns were randomized to either a 12 week isokinetic quad strengthening program in addition to SOC or just SOC. They evaluated the effect of an isokinetic quad strengthening program on the size and strength of the quadriceps and on gait parameters. All measures significantly improved for both groups during the 12-week treatment period except quad size for the SOC group. The improvements were significantly greater for the exercise group compared with the SOC group for all measures. They also compared baseline measures of quad size and strength and gait parameters to age-matched healthy children. All baseline measures differed significantly from those of healthy children. It should be noted that the resistance training program prescribed used the same equipment that was used for testing therefore some of the strength benefits may be attributed to increased familiarity with the testing equipment. published a RCT in 2012 comparing burn survivors randomly assigned to either a 12-week isokinetic training program or a SOC group. They compared strength and ambulation speed. The exercise group demonstrated a significant improvement for all outcome measures from baseline to post-training and significantly greater improvement than the SOC group for all outcomes. A comparison of burn survivors to healthy participants revealed that healthy participants' peak torque and total work was significantly greater than both groups of burn survivors post-training (9 months post-burn) and ambulation speed was significantly faster at baseline (6 months post-burn). and reported on the effect of the exercise training program on muscle strength and LBM. For the analysis, the authors combined the data of the burn survivors and nonburned healthy controls to determine the within group effect, which demonstrated an increase for all of the strength outcomes. There was no between group effect for any of the strength outcomes. They also reported that there was an increase in LBM postexercise for the group when they combined the burn survivors and healthy participants. conducted a RCT studying the effect of a 12-week exercise program initiated immediately after discharge from the acute care center compared with SOC, as opposed to 6 months post-burn, which was the case with all of their previous reports from this group. There was no difference between the exercise group and the SOC group at baseline for age, height, weight, TBSA burned, length of stay, or female to male ratio. After completion of the exercise program comparison between groups revealed that the exercise group had significantly greater relative peak torque, VO 2peak , percent change in whole-body, leg and arm LBM between discharge and post-treatment, and percent change in whole-body and leg LBM between discharge and 12 months post-burn. Both groups demonstrated a reduction in muscle fractional synthetic rate between discharge and post-treatment, which is consistent with a decrease in hypermetabolism, but there was no difference between groups, demonstrating that exercise training did not negatively affect hypermetabolism in burn survivors. A nonrandomized, follow-up study conducted in Australia was also reported in 2012. 39 Burn survivors recruited into this study were assigned to the exercise plus SOC group if they lived in close proximity to the burn center to attend therapy sessions on a regular basis for a 6-week period of time or were assigned to SOC if they lived far enough from the burn center that they could only attend intermittent follow up appointments. Study outcomes included the modified shuttle walk test, VO 2peak , muscle and grip strength, QuickDASH, lower extremity functional scale and burn-specific health scale (BSHS)-abbreviated version. At baseline, the exercise group was significantly younger, had larger surface area burns, stayed longer in the intensive care unit and hospital, less grip strength, and was twice as likely to have hand burns and septic episodes during the acute stay. For the BSHS, the motor and skills subdomain was significantly higher for the exercise group at baseline. All outcome measures significantly improved over time for the exercise group and all except VO 2peak , resting heart rate, shuttle distance, lower extremity functional scale and QuickDASH for the SOC group. In addition, there was no significant improvement in any of the domains or the total score for the SOC group with time, in fact the psychological domain significantly worsened with time for this group. Hand function improved for both groups with time. The group allocation procedure employed in this study makes it very difficult to conclude that the aerobic and resistive exercise training components were responsible for the difference in outcomes since there are so many differences between their baseline characteristics and the after discharge care that these patients received. However, despite the fact that the exercise group had larger burns that required longer inpatient care and were more likely to involve their hands, their improvement across time for impairment, functional and quality of life outcomes were more substantial than the SOC group that was not treated at the burn center. Thus, the overall rehabilitation program that was received by the group treated at the burn center had substantial benefits relative to the "self-management" SOC program. Parrott et al reported on a structured inpatient exercise program that was implemented for 20 adult burn survivors. This group's outcomes were then compared with a historical control group. They showed that although the length of stay for the two groups were comparable, the group who participated in the structured exercise program required less outpatient OT/PT visits and returned to work sooner, although no statistical analyses were reported. 
Level of Evidence
In 2013, Porro et al 41 published a report examining the effects of propranolol and exercise. The two groups received propranolol and exercise or exercise alone with the exercise program described in Figure 2 . There was a significant increase in muscle strength, lean body mass, and VO NOTE: only results related to exercise reported here.
• Using the same design and study groups as Suman et al, 43 Przkora et al 12 examined the effects of oxandrolone (instead of rhGH) and exercise on muscle strength and cardiopulmonary fitness were. There was a significant increase in body weight associated with oxandrolone and exercise compared with the other three groups and with oxandrolone alone compared with placebo. Lean body mass showed a significant mean percent increase associated with oxandrolone and exercise compared with the other three groups and with oxandrolone alone compared with placebo with exercise and placebo with SOC. Muscle strength significantly increased in all groups compared with the placebo and SOC. Aerobic capacity (VO   2peak   ) significantly increased in both exercise groups compared with the SOC groups suggesting that oxandrolone alone has no demonstrable impact on this variable. published a study examining the effect of exercise training ( Figure 2 ) compared with SOC on pulmonary function. The pediatric burn survivors were randomly assigned to the exercise group or the SOC group and a group of nonburn children were included as a comparison group. At baseline, the exercise and SOC group did not differ with respect to age, percent burn surface area, height, weight, and body surface area but the non-burn groups were significantly heavier. Baseline pulmonary function was normal for the nonburn group and there was no difference in pulmonary function between the exercise and SOC group. However, all pulmonary function tests were significantly lower in the exercise and SOC groups compared with the nonburn children. After 12 weeks of exercise there was a significant increase in FEV ). Subjects were randomly assigned either to the exercise group or the SOC group. They found a significant improvement in all of these parameters, in the exercise group and a significant improvement in time when comparing between the exercise and the SOC group. 43 
Suman et al
RCT
• n = 44 (GH + Ex = 10; P + Ex = 13; GH + SOC = 10; P + SOC = 11)
• Mean age (yrs): GH + Ex = 11.0; P + Ex = 10.5; GH + SOC = 11.5; P + SOC = 10.8 (range: 7-17)
• Mean %TBSAB: GH + Ex = 60.3; P + Ex = 58.5; GH + SOC = 55.9; P + SOC = 53.4
• Baseline: 6 mos post-burn
•
Height, weight
• Strength (Biodex System-3 dynamometer)
• LBM (DEXA)
• Fat-free mass (whole body potassium) 
Level of Evidence
In 2003, Suman et al 43 published a report examining the effect of exogenous growth hormone and exercise on LBM and muscle strength. Burned children were randomly assigned to four groups 1 day before being discharged from hospital: (1) those who received recombinant human growth hormone (rhGH) and participated in the exercise program ( Figure 2 ) that was initiated 6 months post-discharge, (2) those who received rhGH and SOC, (3) those who received saline placebo and participated in the exercise program that was initiated 6 months post-discharge, and (4) those who received saline placebo and SOC. During the 12-week period, there was a significant increase in LBM for all groups, with the exception of the group that received the placebo and SOC, but there was no between group differences. Strength and VO 
Level of Evidence e554 Nedelec et al
November/December 2016 are more commonly accessible to clinicians will be thoroughly reviewed to facilitate rehabilitation professionals' ability to document baseline values and outcomes postintervention. For studies that measured aerobic capacity the vast majority used a modified Bruce Protocol. 45 As outlined in Figure 2 , this is a standard procedure for ambulatory stress testing that begins at 2.7 kilometer/hr (1.7 mph) at 0% grade. The workload was then increased every 3 min by increasing the speed and/or grade. The maximum 35 or peak oxygen consumption 12, 16, 20, 32, 38, 39, 41, 43 was then calculated. Since the Bruce protocol requires expensive equipment, a validated equation has been generated for children to predict maximal aerobic capacity using treadmill time 46 offering a clinically accessible option. Predictive equations for estimating VO 2max have been developed for adults and can be used with the original or modified tests. 47 Bruce et al 45 developed the first predictive equations, which are population specific for active and sedentary adults with and without cardiac conditions, but to the best of our knowledge these have not specifically been tested with adult burn survivors. For the adult burn survivor population, the modified shuttle walk test has been recommended to evaluate cardiovascular fitness 48 and has been validated as a clinically accessible, safe evaluation for monitoring aerobic capacity during the early postacute discharge rehabilitation phase. 49 For studies that measured strength the vast majority used an isokinetic, computerized dynamometer. 12, 14, 19, 31, 35, 36, 38, 41, 43, 44 The only study that used two different angular velocities and reported specific outcome showed improvements with time for both measures, but the between group differences were significant for both eccentric and concentric measures at 30°/sec but only the eccentric measures at 90°/sec. 30 However, the impact of performing the prescribed exercise program on the same equipment used for testing is unknown. To the best of our knowledge, there are no studies examining the clinimetric advantages or disadvantages of using a particular angular velocity or concentric vs eccentric contractions when evaluating burn survivors. However, isokinetic computerized dynamometers are not always clinically feasible but some studies used more commonly accessible equipment, such as 3RM using free weights 34, 39 or grip strength dynamometer 39 to evaluate strength outcomes. Other related clinical outcomes that benefited from exercise programs included the Burn Specific Health Scale (BSHS)-abbreviated, 39 the Canadian Occupational Performance Measure, 20 gait parameters, 14, 19 lower extremity functional scale, 39 quad size, 14 the QuickDASH, 39 resting heart rate, 34 6-minute walk test, 34 and weight, 12, 31, 34 all of which are clinically accessible. The BSHS-brief, the SF-36, 28 the Child Health Questionnaire, 29 and the need for surgical release 26 were also used in studies that were excluded from full review. Standardized treadmill exercise test (modified Bruce Protocol) Oxygen consumption and heart rate measured Begin to walk on treadmill 1.7 mph 0% grade 3-minute intervals -increase speed and incline VO 2peak =respiratory exchange ratio≥1.10 and peak volitional effort achieved
Resistance Exercises Aerobic Exercises
Eight exercises: bench press, leg squats, shoulder press, leg press, biceps curl, leg curl, triceps curl, toe raises When reported, the exercise training programs were either 6, 30 8, 36 or 12 weeks 12, 14, 16, 19, 20, 31, 32, 34, 35, [37] [38] [39] [41] [42] [43] [44] in length and all but one were initiated after discharge from the acute care center. 40 Since the later report was published in 1988 and considering the accelerated rate at which patients are discharged from hospital since then the feasibility and applicability of prescribing a similar conditioning and strengthening program during the acute care stay at the present moment would be questionable. Thus, at this point, the evidence supporting the prescription of exercise programs to increase muscle strength or cardiovascular fitness is applied after the burn survivor has been discharged from the acute care center.
The specifics of the training programs for the studies performed in Galveston 12, 16, 31, 32, 34, 38, [41] [42] [43] [44] were similar across the studies and have been described in Figure 2 . Some exercise resistance training programs used the isokinetic dynamometer as the basis of the training program. 14, 19, 20, 30, 37, 38 Whole body vibration was also used for lower extremity strengthening. 36 Several studies also incorporated functional activities into their strengthening or cardiovascular fitness programs. 20, 37, 40 All studies that included an aerobic conditioning program included treadmill or cycle ergometer training 12, 16, 20, 31, 32, 34, 35, [37] [38] [39] [40] [41] [42] [43] [44] although one study did not provide any details. 33 One study examined an aerobic conditioning or cardiovascular retraining program that had participants work to quota or to tolerance on a treadmill. Although they reported an improvement across time for both groups compared with the SOC group there was no difference between those assigned to work to quota vs work to tolerance. 35 
Standard of Care Regimens
For those studies that compared with a SOC treatment regime there was enormous variation in the details reported. Some provided no details at all, others provided a list of different types of interventions but no details with respect to treatment parameters (intensity, frequency, or duration) and others provided hours/day. None of the studies appear to monitor the SOC that was delivered using monitoring tools, such as treatment diaries. Future studies would benefit from more thorough documentation and monitoring of the SOC received by both groups.
DISCUSSION
The objective of this review was to systematically appraise the available evidence with regards to the use of exercise programs to increase the cardiovascular fitness or muscle strength of pediatric or adult burn survivors so that rehabilitation-specific clinical practice guidelines could be generated. Twenty studies were included in this review of which 11 were RCTs that included pediatric burn survivors and three were RCTs that included adult burn survivors. There has been one systematic review 50 that combined the pediatric and adult evidence. This review was excluded from the analysis to allow for a systematic critique of the original articles. All of the evidence incorporated in this review reported improved cardiovascular fitness and/or muscle strength with no identified adverse effects. However, it should be noted that a thorough review of the literature evaluating heat intolerance was not incorporated into this review so caution should be exercised when performing exercise programs in hot and/or humid environments. In addition, the literature evaluating the potential overall benefit of propranolol, growth hormone, and oxandrolone was not thoroughly reviewed as prescription of these medications is not the responsibility of rehabilitation therapists. Although improvements in aerobic capacity with propranolol administration 41 and significantly greater increases in strength with growth hormone 43 or oxandrolone administration combined with exercise 12 have been noted in the literature; no conclusions were made with respect to their overall benefit in this review. Overall, there is strong evidence to support the prescription of resistance and aerobic exercise training programs for burn survivors. Nonetheless there are some methodological issues that should be considered and gaps in the literature that need to be addressed in future studies.
With respect to the pediatric literature 10 of the 11, RCTs were performed at the Shriners Hospital for Children in Galveston. The strength of this literature is the fact that a wide variety of outcomes were evaluated using a consistent exercise regimen ( Table 2) . The results of all of these investigations have been positive demonstrating that exercise programs enhance cardiovascular fitness and muscle strength when they are initiated immediately postdischarge or if initiated 6 months postdischarge and that there continues to be measurable exercise benefits for at least 3 months after the exercise program has been discontinued. 42, 44 The limitation associated with the majority of literature coming from one center is that there is a potential lack of generalizability to other populations. In addition, many of the studies of Galveston are part of a larger project with "rolling" enrollment (personal communication O.E. Suman September 2014); therefore, the participants It must also be kept in mind that all of the pediatric exercise programs reported in the literature were 12 week in-hospital programs that in addition included SOC treatment provided by other burn team members including OTs, PTs, and psychologists, which were then compared with outpatient or home-based programs. Community therapists who provided the outpatient treatment may not have specific expertise in treating burn survivors, their dedicated time for face-to-face treatment may have been limited, there may have been limited access to a variety of health professionals and the adherence rates of these community or home-based programs were not reported, all of which may bring into question whether the SOC component was equivalent between groups. Thus, the benefits attributed to the exercise programs may partially reflect the added value of an inhospital, highly specialized inter-professional burn care team. All of the burn survivors recruited also had very large surface area burns (greater than 40% TBSA in all except one report which was greater than 30%) that are significantly larger burns than the average burn injury. 50 Studies from a variety of burn rehabilitation settings that investigate whether the same benefits are seen with smaller burn injuries are also needed.
In addition, all of the evidence in the literature has employed an in-hospital exercise program and the majority of these regimens have been 30 minutes per day, 3 days per week for 12 weeks. It would be valuable to determine if the total dosage of exercise could be concentrated in shorter time period (ie, 5 days per week for 45 minutes for 2 weeks) or whether spreading it across time (ie, 3 days per week for 15 minutes for 10 weeks) is equally as beneficial. It would also be valuable to determine if the benefits of a communitybased program would have comparable benefits to the in-hospital programs. Finally, evaluation of the long-term benefits of these programs and the extent to which the participants chose to, or are required to, continue these exercise regimes to maintain the benefits gained would provide additional guidance.
AREAS FOR FUTURE INVESTIGATION
There are a number of research questions that would be important to address in future investigations.
It would be extremely valuable to determine whether community-based exercise facilities would be able to provide exercise training programs for burn survivors that have the same reported benefits as the in-hospital programs described in the literature or whether the expertise and environment associated with a burn center is a critical component of the success of these exercise programs.
There have been a number of studies initiated at different time points after burn that confirm that there are benefits to exercise programs initiated immediately postdischarge from acute care as well as 6 months or later post-discharge. It would be beneficial to further investigate whether there is an ideal time point to initiate these programs and whether the exercise program cessation results in a loss of the gained benefits at an equal rate to healthy control subject. Several studies of adult subjects 36, 37 demonstrated that the burn survivors were able to increase their strength to levels comparable with the gains demonstrated by healthy controls performing the same exercise program, but long-term follow-up was not performed therefore it is unknown whether they were able to maintain the strength gains after exercise cessation to the same extent as healthy controls. It would also be beneficial to further investigate the effect of isokinetic training at various speeds in both adults and children.
Most of the studies recruited participants with moderate to large surface area burns (40% TBSA or greater). It would be important to determine the extent of the problem with smaller burn injuries as well as the benefits of these exercise programs with this population.
Further investigations of the impact of cardiovascular endurance and strengthening programs on other outcomes, such as return to work, quality of life, community reintegration, and the need for reconstructive surgery would be particularly beneficial in the adult population.
